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Abstract 
Within this paper, we report first attempts of molecular imprinting with man-made nanoparticles as templates of the imprinting 
process. In a first step, we screened different polymers for their respective affinities towards silver nanoparticles by the respective
frequency shifts observed with quartz crystal microbalance (QCM) sensors. Polyurethanes and polystyrenes show almost similar 
effects, where the latter reach about 80% of the effects on the former. In comparison, polyvinyl alcohol for this system yields
only 5% signal compared to the polyurethane. Sedimentation surface imprinting turned out successful: NP MIP reveal cavities of 
the correct dimensions (20 nm in this case) on their surfaces, which cannot be seen on the respective NIP. Successful imprinting
is further corroborated by first mass-sensitive measurements on QCM revealing ~6 times higher signals on the MIP compared to 
the NIP and concentration-dependent, reversible sensor signals. To the best of our knowledge, this constitutes first successful
MIP sensors for silver nanoparticles. 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of Eurosensors 2014.  
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1. Introduction 
The use of nanoparticulate matter, especially metal & metal oxide nanoparticles, in everyday consumer products 
is steadily increasing while doubts are being upheld regarding the harmlessness of long term exposure to engineered 
nanoparticles (ENPs). Nanoparticles, which are defined as objects of uniform properties in the size range of 1 – 
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100nm, may exhibit considerable toxicity even if the material otherwise is known to be chemically inert. This may 
be explained by the fact that the high surface-to-volume ratio of nanoparticles leads to drastically different chemical 
properties as compared to the bulk material as well as that, due to their size, they can easily pass into cells and 
interact with its content leading to inflammation or even necrosis of the circumjacent tissue [1] [2]. The research 
presented is part of the EU-FP7 “INSTANT” project which seeks to devise a sensor for the fast analysis of 
nanoparticles in selected target products. It thereby aims to complement existing complex, time consuming and 
costly techniques such as electron microscopy (TEM, SEM), atomic force microscopy (AFM) & dynamic light 
scattering (DLS). Molecularly imprinted polymers (MIP) [3] have in the past been used to detect species ranging 
from small molecules to viruses & bacteria and could be specially prepared to face the challenge [4]. To the best of 
our knowledge no MIP at all exist using nanoparticles as the target analytes. 
Fig. 1. An overview of imprinting strategies. From left to right: one step, two step & sedimentation imprinting 
Imprinting generally speaking is a concept that aims at creating cavities of roughly the same size and shape as that of 
the template on the surface of a chemical layer (in our case a polymer matrix) [5]. It is inspired by the “lock & key” 
principle used by enzymes for substrate recognition. For the purpose of imprinting nanoparticles three different 
modes of action have thus far been developed. These include one step, two step & sedimentation imprinting and are 
summarized in Fig. 1. During one-step imprinting the analyte is added directly to the bulk polymer solution which is 
then coated on a suitable substrate. Two-step imprinting makes use of stamps that feature the covalently bound 
analyte on the surface. These stamps are then pressed into the polymer layer on a substrate. For sedimentation 
imprinting a substrate is first coated with polymer solution. Thereafter a small amount of analyte solution is drop 
coated onto the polymer and a PDMS stamp is placed on top. In case of both one step and sedimentation imprinting 
a washing step needs to be carried out to rid the formed cavities of any remaining nanoparticles. All of the 
nanoparticles used for imprinting were either supplied by the “Bundesanstalt für Materialforschung und –prüfung” 
(BAM) or “Sociedad de Investigación en Nanoestructuras” (Sinatec). 
2. Results and Discussion 
Prior to any imprinting experiments a selection of different polymers was screened for their natural affinity 
towards the potential templating nanoparticles, which then of course also serve as the analytes. This was performed 
by coating one of two electrodes available on each quartz crystal microbalance (QCM) with the respective polymer 
and leaving the other blank, thus acting as a reference.  
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Fig. 2. Relative sensor effects of non-imprinted polymers on QCMs towards Ag nanoparticle solution. 
The results are summarized in Fig. 2 for silver nanoparticles and three different polymeric systems Out of the 
polymers assessed, polyurethane turned out most promising with polystyrene a close second. Therefore those two 
polymers seem most suitable candidates for further imprinting tests, because it is known that only systems showing 
some inherent affinity to the target can lead to good-quality MIP [6].  
Fig. 3. AFM images of a polymer layer after imprinting using silver nanoparticles. The red arrow indicates an imprinted site. 
The second step involved testing the actual imprinting strategies, which turned out successful. Figure 3 shows an 
AFM image of an Ag NP imprint. Whereas NIP (not shown) lead to flat polymer surfaces, the MIP obviously reveal 
surface structures. The smaller cavities seen on the edges of the polymer have the diameters expected for the 
template particles, namely 20nm. The larger cavities on the surface most probably relate to oligomeric parts that are 
removed from the MIP matrix. However, NIP did not reveal any cavities in the size range of the template 
nanoparticles.  
Thereafter QCMs were coated with polymers imprinted using the three aforementioned strategies. In order to 
make sure that the obtained sensor effects were in fact resulting from successful nanoparticle imprinting one of the 
two QCM electrodes was each time coated with the imprinted polymer while the other was coated with a non-
imprinted version of the same polymer (NIP). All measurements were carried out in a matrix containing the same 
type & concentration of stabilizer as used in the bulk nanoparticle solutions in order to exclude any influence of the 
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stabilizer on the overall sensor effect. Fig. 4 shows the outcome of such a sensor measurement, in this case with 
nanoparticles having a diameter of 60 nm.  
Fig. 4. Sensor effects of MIP (black) & NIP (grey, dotted) towards three different concentrations of silver nanoparticles (BAM, 60nm). 
Evidently, for all nanoparticle concentrations the MIP yields substantially higher sensor effects – namely by almost 
one order of magnitude – than the respective NIP. Sensor signals are reversible and depend on nanoparticle 
concentration. Therefore to the very best of our knowledge this system represents the first successful MIP sensor for 
man-made nanoparticles reported. 
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